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(54)Tllle: AN ELBCTROSURGICAL DaSTOUMBNT 




(57) Abstract 



In an elcctrasuigtcal Instnanent for the neatment of tissue in die piesenoe of an electiically conduetiw fluid medium (e.g. "underwater 
surgery") a bipolar decnode assembly lias an active electrode having an exposed tlswe treainisnt poitioo (34AX a letum ctoctrode (38) 
having an exposed fluid contact swfsoe. and an insidatiag member (36) poiitioaed between and ^leetrically iasiilaliiig die active electiode 
inthe return electrode. The hisuUdog member serves to space apart the exposed active electrode oeatmeot portion and die exposed fluid 
contact potion of the return electrode. The dimensions and configurations of die exposed poitions of the etocnodes and of the fi>f«ii«i>!nc 
member am such dot when the elecnode assembly is immersed in a conducthre fluid medhmi, die lado between the longest and shortrst 
condoctiQa pate lenghta between die acUve and letmn (b;a) ciecttodes is less dian or cqud 
of an deetroBiuglcal tttstnuiam and a radio ftcquen^ cenerator. 
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AN ELECTRQSURGICAL INSTRUMENT 

This invention relates to an electrosurgical instrument for the treatment of tissue in the 
presence of an electrically conductive fluid medium, and to an electrosurgical system 
5 apparatus including such an instroroent. 

Endoscopic electrosurgery is useful for treating tissue in cavities of the body, and is 
normally performed in the presence of a distension medhim. When the distension medium 
is a liquid, this is commonly referred to as underwater electrosurgery, this term denoting 
10 electrosorgeiy in which living tissue is treated using an electrosurgical instnmicnt with a 

treatmmt electrode or electrodes immersed in liquid at the operation site. A gaseous 
medium is commonly employed when endoscopic surgery is performed in a distensible 
body cavity of larger potential volume in which a liquid medium would be unsuitable, as 
is often the case in laparoscopic or gastroenterological surgery. 

15 

Underwater surgery is comnKmly performed using adoscopic techniques, in which the 
endoscope itself may provide a conduit (commonly referred to as a working diannd) for 
the passage of an electrode. Alternatively, the endoscope may be specifically adapted (as 
in a resectoscope) to include means for mounting an electrode, or the electrode may be 

20 introduced into a body cavity via a separate access means at an angle with respect to the 

endoscope - a technique commonly referred to as triangolation. These variations in 
technique can be subdivided by surgical speciality, where one or other of the tedmiques 
has particular advantages given the access route to the q)ecific body cavity. Endoscopes 
with integral working channels, or those characterised as cesectoscopes, are ^eraUy 

2S employed when the bcKly cavity may be accessed tbrou^ a natural body openiog - such 

as die cervical canal to access the endometrial cavity of the utenis, or the urethra to access 
the prostate gland and the bladder. Endoscopes specifically designed for use in the 
endometrial cavt^ are referred to as hysterosoopes, and tfitise designed for use in the 
urinary tract include cystoscopes, urethroscopes and resectoscopes. The procedures of 

30 transuredial resection or vaporisation of the prostate gland are known as TURF and EVAP 

respectively. When there is no natural body opening through which an endoscope may 
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be passed, the technique of triangulation is commonly employed. Triangulation is 
commonly used during undenvater endoscopic surgery on joint cavities such as the knee 
and the shoulder. The endoscope used in these pioceduies is commonly referred to as an 
arthroscopy 

Electrosurgcry is usually carried out using eidier a monopolar instrmnent or a bipolar 
instrument With monopolar electrosurgery^ an active electrode is used in the operating 
region, and a conductive return plate is secured to the patient's skin. With this 
arrangementt current passes from the active electrode through die patient's tissues to the 
external return plate. Since the patient rqnesents a significant portion of die circuit, input 
power levels have to be high (typically ISO to 250 watts), to compensate for die resistive 
current limiting of die patient's tissues and, in the case of underwater electrosurgery, 
power losses due to the fluid medium which is rendered partially conductive by the 
presence of blood or odier body fluids. Using high power with a monopolar arrangement 
is also hazardous, due to the tissue heating that occurs at the retum plate, which can cause 
severe skin bums. There is also the risk of capacidve coupling between die instrument 
and patient tissues at the entry point into the body cavity. 



With bipolar electrosurgery, a pair of electrodes (an active electrode and a return 
electrode) are used togedier at die tissue application site. This airangement has 
advantages from die safety standpoint, due to die relative proximity of die two electrodes 
so diat radio frequency currenu are limited to die region between die electrodes. 
However, die depdi of effect is dirccdy related to die distance between die two electrodes; 
and, in applications requiring very small electrodes, die inter-electrode spacing becomes 
very small, diereby limiting tissue effect and die output power. Spacing the electnxles 
fimher apart would often obscure vision of die application site, and would require a 
modification in surgical technique to ensure direct contact of bodi electrodes with die 
tissue. 

There are a number of variations to die basic design of die bipolar probe. For example, 
U^. Patent Specification No. 4706667 describes one of die fundamentals of die desien. 
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namely that the ratio of the contact areas of the letum electrode and of the active electrode 
is greater than 7: 1 and smaller than 20: 1 for cutting purposes. This range relates only to 
cutting electrode configurations. When a bipolar instrument is used for desiccation or 
coagulation, the ratio of the contact areas of the two electrodes may be reduced to 
approximately 1 : 1 to avoid differential electrical stresses occurring at the contact between 
the tissue and the electrode. 

The electrical junction between the return electrode and tissue can be supported by wetting 
of the tissue by a conductive solution such as normal saline. This ensures that the surgical 
effect is limited to the needle or active electrode, with the electric circuit between the two 
electrodes being completed by the tissue. One of the obvious limitations with the design 
is that the needle must be completely buried in the tissue to enable the return electrode to 
complete the circuit. Another problem is one of the orientation: even a relatively small 
change in application angle fmm the ideal perpendicular contact with respect to the tissue 
surface, will change the contact area ratio, so that a surgical effect can occur in the tissue 
in contact with the return electrode. 

Cavity distension provides space for gaining access to the operation site, to improve 
visualisation, and to allow for manipulation of instruments, b low volume body cavities, 
particularly where it is desirable to distend the cavity under hi^er pressure, liquid rather 
than gas is more conmionly used due to better optical characteristics, and because it 
washes blood away from the operative site. 

Conventional underwater electrosurgery has been performed using a non-conductive 
liquid (such as 1.5% glycine) as an irrigant, or as a distension medium to eliminate 
electrical conduction losses. Glycine is used in isotonic concentrations to prevent osmotic 
changes in the blood when intra- vascular absorpdon occurs. In the course of an operadon, 
veins may be severed, with resultant infusion of the liquid into the circulation, which 
could cause, among other things, a dilinioo of serum sodium which can lead to a condition 
known as water intoxication. 



:/03/97 12:80 REEDFftX 914153253057 



NO. 254 P007/040 



10 



WO 97/00647 ^ PCT/GB9fi/01473 

4 

The ^licancs have found that it is possible to use a conductive liquid mediufn» such as 
normal saline, in underwater endoscopic electrosurgeiy in place of non-conductive, 
electrolytc-ftce solutions. Normal saline is the prefened distension medium in underwater 
endoscopic surgery when electrosurgery is not contemplated, or a non-electrical tissue 
effect such as laser treatment is being used. Although normal saline (0.9%w/v; 
1 SOmmol/l) has an electrical conductivity somewhat greato* than that of most body tissue, 
it has the advantage that displacement by absorption or extravas^on from the operative 
site produces litde physiological effect, and the so-called water intoxication effects of non- 
conductive, electrolyte-free solutions are avoided. 



The ^plicants have developed a bipolar instrument suitable for underwater electrosurgery 
using a conductive liquid medium. A first aspect of the invention is as deflned in claim 
1 accompanying this description. Other aspects of the invention are as defined in claim 
7, which relates to an elcctrosurgical system including an instrument and a generator, 
1 5 claims 1 2, 1 9 and 23 each directed to an elcctrosurgical instnunent, and claims 3 1 and 37 

directed to methods of desiccating and vaporising tissue. Some of the piefencd features 
of the different aspects of the invention are set out in the dependent clahns. 



The electrode stniccuie of this insuument, in combination with an dectrically^conductive 
20 fluid medium largely avoids the problems experienced widi monopolar or bipolar 

electrosurgery. In particular, input power levels are much lower dian those generally 
neccssaiy with a monopolar arrangement (typically 100 watts). Moreover, because of the 
relatively large spacing between its electrodes, an improved depth of effect is obtained 
compared widi conventional bipolar arrangements. 

25 

The invention will now be described by way of example with icfeience to the drawings 
in which: 

Figure I is a diagram showing an elcctrosurgical system in accordance with the invention; 

30 



f 
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Figure 2 is a side view of a portion of an electrosurgtcal instnimenc fonning part of the 
system of Figure 1; 

Figure 3 is a cross-section of part of an alternative electrosuigical instrument in 
accordance with the invention^ the instrument being sectioned along a longitudinal axis; 

Figure 4 is a graph illustrating the hysteresis of the electrical load impedance and 
dissipated radio frequency power which occurs between use of an insuument in 
accordance with the invention in desiccating and vaporising modes; 

.Figure S is a block diagram of the generator of the electrosurgical system shown in Figure 

I; 



Figure 6 is a diagrammatic side view of the instrument of Figure 3 showing the use of the 
1 S instrument for tissue removal by vaporisation; 

Figure 7 is a diagrammatic side view of an instrument similar to that shown in Figoie 6, 
showing the use of the instrument for tissue desiccation or coagulation; and 

20 Figures 8. 9 and 10 are side views of further electrosurgical instraments in accordance 

with the invention, showing different electrode and insulator configurations. 

Referring to die drawings. Figure I shows electrosurgical apparatus including an 
electrosurgical generator 10 having an output socket lOS providing a radio frequency (RF) 

25 output for a bipolar instrument, in the form of a han<^ece 2 and a detachable electrode 

unit 28, via a connection cord 14. Activadon of die generator 10 may be performed from 
the handpiece 12 via a control connection in the cord 14, or by means of a footswitdi unit 
16, as shown, connected separately to the rear of the generator 10 by a footswitch 
connection cord 18. In the illustrated embodiment, the footswitch unit 16 has two 

30 footswitches 16A and 16B for selecting a desiccation mode and a vaporisation mode of 

the generator 10 respectively. The generator front panel has push buttons 20 and 22 for 
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respectively setting desiccation and vaporisation power levels, which are indicated in a 
display 24. Push buttons 26 are provided as an alternative means for selection between 
the desiccation and vaporisation modes. 



5 The instrument need not include a handpiece, but may simply include a connector for 

mounting to another device such as a resectoscope. In Figure 1 the instrument has an 
electrode unit 28 which is shown mounted to the handpiece 12. 

The electrode unit E may take a number of different foms, some of which are described 
10 below. 

In a basic configuration, shown in Figure 2, an electrode unit for detachable fastening to 
an instrument handpiece comprises a shaft 30 which may be a conductive tube covered 
with an insuladng sheath 30S, with an electrode assembly 32 at a distal end of the shaft 
1 5 30. At the other end of the shaft (not shown) means are provided for connecting the unit 

to a handpiece both mechanically and electrically. 

The elccn-ode assembly 32 comprises a central acdve electrode 34 which is exposed at the 
exueme distal end of the unit to form a treamient portion of the electrode. Preferably the 

20 active electrode is a metallic wire which extends as a central conductor through the whole 

of the shaft 30 to a contact at the proximal end (not shown in the drawing). Surrounding 
the electrode 34 and the inner cmductor is an insulating sleeve 36 the disud end of which 
is exposed proximally of the exposed treatment portion of the electrode 34. Typttially, this 
sleeve is riiade of a ceramic itiaterid to resist dainage from arcing. Sunrounding the sleeve 

25 36 is the return electrode 38 in the form of a metallic tube which is electrically (and 

optionally also mechanically) integral with the metallic tubular body of the shaft 30. This 
return electrode terminates at a point short of die end of the sleeve 36 so that it is set hack 
from the exposed treatment portion of the active electrode 34 and is both radially and 
axially spaced from die latter. It will be appreciated that, principally due to die much 

30 larger diameter of the remm electrode in comparison to tiiat of the tissue contact electrode. 

the remm electrode provides an exposed ftuid contact surface which has a surface area 
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very much greater than that of the exposed active electrode treatment portion. The 
insulating sheath 30S temiinates at a location proximaUy spaced 6om the distal end of the 
return electrode 38 in order to provide the requited surface area for the return electrode 
fluid contact surface. At the distal end of the electrode unit, the diameter of the return 
conductor is typically in the region of from imm to 5nun. The longinidinal extent of the 
exposed part fluid contact surface the renim electrode 38 is typically between 1 mm and 
5mm with the longimdinal spacing from the renim electrode 38 to the exposed active 
electrode treatment portion between 1mm and 5nun. Fuither aspects of the configuration 
and dimensioning of electrode assemblies are set out in more detail below. 



In effect, the electrode structure shown in Figure 2 is bipolar, with only one of the 
electrodes (34) actually extending to the distal end of the unit. This means that, in normal 
use when the electrode assembly is inunersed in a conductive fluid medium, the return 
electrode 38 remains spaced from the tissue being treated and a current path exists 
15 between the two electrodes via the tissue and the conductive fluid medium which is in 

contact with the return electrode. 



The axial spacing of the electrodes permits a very fine electrode structure in terms of 
diameter since the insulation path is considerably longer than a bipolar electrode having 
merely radial spacing between exposed electrode surfaces. This allows higher powers to 
be used than widi conventional electrode structures without causmg unwanted areing, or 
in the case of electrosurgica] cutting or vaporisation treatment, without causmg electrode 
unit damage due to excessive arcing at high temperatures. 

The particular staggered arrangement shown affords the surgeon a view of the tissue 
contact electrode tip, and permits a large range of q)p]ied angles with respect to the tissue 
surface, which is particularly important in the confined spaces typical of endoscopic 
surgery. 

Referring to Figure 3. an alternative electrode unit for detachable fastening to the 
electrosurgical instrument handpiece 12 shown in Hgure 1 comprises a shaft 30. which 



/IdSySr? 12:01 REEDFfiX •» 914153253057 



NO. 254 



WO 97/00647 PCT/GB96WI1473 



is constituted by a semi-flexible tube made of stainless steel or phynox electroplated in 
copper or gold, with an electrode assembly 32 at a distal end thereof. At the other end 
(not shown) of the shaft 30. means are provided for connecting the electrode unit to the 
handpiece both mechanically and electrically. 

The electrode assembly 32 includes a central, active or tissue contact electrode 34 which 
is made of platinum, platinum/iridium or platinum/ningsteD. and is constituted by a 
generally hemispherical exposed tip 34A and an integral central conductor 34B. TTjc 
conductor 34B is electrically connected to a central copper conductor 34C by fastening 
a dun stainless steel spring 34D over the adjacent end portions of the conductors 34B and 
34C, thereby providing an electrical connection between the handpiece of the instrument 
and the exposed tip 34A. A ceramic insulation sleeve 36 sunounds the conductor 34B. 
the spring 34D and the adjacent end portion of the copper conductor 34C. The sleeve 36 
has an exposed portion 36 A which surrounds the distal end portion of Ae conductor 34B. 
A return electrode 38, which fonms a distal end portion of the shaft 30 providing a 
cylindrical fluid contact surface, closely surrounds the sleeve 36 and extends over the 
copper conductor 34C spaced from the latter by an insulation sleeve 40. An outer 
insulating heat shrink or polyimide coating 30S surrounds the shaft 30 and proximal 
portion of the return electrode 38. 

When used in combination with an electrosurgical generator as shown in Figure I. the 
electrode unit of Figure 3 can be employed in a conductive fluid medium for tissue 
removal by vaporisation, for sculpturing and contouring menisci during arthroscopic 
surgciy, or for desiccation, depending on the manner in which the genoutor is controlled. 
Figure 4 illustFB^ how the generator can be controlled to take advantage of the hysteresis 
which exists between the desiccation and the vaporising modes of dte electrode unit. 
Thus, assuming the electrode assembly 32 of the unit is immersed in a conductive medium 
such as saline, there is an initial load impedance "r" at point "O". die magnitude of which 
is defmed by the geometry of die electrode assembly and the electrical conductivity of die 
fluid medium. The value of "r" changes when dte active electrode 34 contacts tissue, the 
higher the value of "r" die greater is die propensity of die electrode assembly 32 to ffr 
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the vaporisaaon mode. When RF power is applied to the electrode assembly 32 the fluid 
medium heats up. Assuming the fluid medium is normal saline (0.9% w/v), the 
temperature coefficient of conductivity of the fluid medium is positive* so that the 
corresponding impedance coefTicient is negative. Thus, as power is applied, the 

5 impedance initially falls and continues to fall with increasing dissipation power to point 

"B", at which point the saline in intimate contact with the electrode assembly 32 reaches 
its boiling point. Small vapour bubbles fomi on the surface of the active tip 34A and the 
impedance then stans to rise. After point "B", as power dissipation is increased further, 
the positive power coefflcient of impedance is dominant, so that increasing power now 

10 brings about increasing impedance. 



As a vapour pocket forms from the vapour bubbles, there is an increase in the power 
density at the residual electrode/saline interface. There is. however an exposed area of 
the active electrode tip 34A not covered by vapour bubbles, and this further stresses the 
IS interface, producing more vapour bubbles and thus even higher power density. This is a 

run-away condition, with an equilibrium point only occurring once the electrode is 
completely enveloped in vapour. For given set of variables, there is a power threshold 
before this new equilibrium can be reached (point X"). 

20 The region of the graph between the points "B** and "C". therefore, represrats the upper 

limit of the desiccation mode* Once in the vaporisation equilibrium state, the impedance 
rabidly increases to around 1000 cbms, with the absolute value d^nding on the system 
variables. The vapour pocket is then sustained by discharges across the vapour pocket 
between the active electrode tip 34A and the vapour/saline interface. The roa|ority of 

25 power dissipation occurs within this podcet, with consequent heating of tfie tip 34A. The 

amount of energy dissipation, and the size of the pocket, depends on the output volume. 
If this is too low, the pocket will not be sustained, and if it is too high the electrode 
assembly 32 will be destroyed. Thus, in order to prevent destruction of the electrode 
assembly 32, the power ouqxit of the generator must be reduced once the impedance has 

30 reached the point ''D'*. It should be noted that, if the power is not reduced at this point, 

the powerTtmpedanoe curve win continue to climb and electrode destniction would occur. 
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The dotted line E indicates the power level above which etedrode destruction is 
inevitable. As the power is reduced, the impedance falls until, at point "A", the vapour 
pocket collapses and the electrode assembly 32 reverts to the desiccation mode. At this 
point, power dissipation within the vapour pocket is insufficient to sustain it. so that direct 
contact between the active electrode tip 34A and the saline is re-established, and die 
impedance falls dramatically. The power density at die tip 34A also falls, so mat tite 
temperature of die saline falls below boiUng point. The electrode assembly 32 is then in 
a stable desiccation mode. 

Generator power control to achieve the required desiccation, tissue cutting and 
vaporisation fiinctions is earned out by sensing the peak RF voltage appearing across the 
output connections of the generator and by rapidly reducing die delivered output power 
whenever a preselected peak voltage threshold is reached. In a desiccation mode at least, 
tiiis power reduction is significantly more than that required merely to bring the peak 
output voltage below the dueshold. Preferably the power reduction is at least 50% to take 
advantage of tiie hysteresis characteristic described above witii reference to Figure 4. 

Referring to Figure 5. die genoator comprises a radio frequency (RF) pown oscillator 60 
having a pair of output connections 60C for coupling via output temmials 62 to the load 
impedance 64 represented by die electrode assembly when in use. P«>wer is supplied to 
die oscillator 60 by a switched mode power supply 66. 

In the preferred embodunent. die RF osciUator 60 operates at about 400 kHz. with any 
frequency from 300 kHz upwards into die HP range being feasible. The switched mode 
power supply typically operates at a frequency in die range of from 25 to 50 kHz. 
Coupled across die output connections 60C is a vokage threshold detector 68 having a 
first output 18A coupled to die switdied mode powo-siqiply 16 and a second output 18B 
coupled to an "on" time control circuit 70. A microprocessor controller 72 coupled to the 
operator controls and display (shown in Figure I), is connected to a control input 66A of 
die power supply 66 for adjusting die generator output power by supply voltage variation 
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and to a thieshold-set input 68C of the voltage threshold detector 68 for setting peak RF 
output voltage limits. 

In operation, the microprocessor controller 72 causes power to be applied to the switched 
mode power supply 66 when electrosurgical power is demanded by the surgeon operating 
an activation switch arrangement which may be provided on a handpiece or footswitch 
(see Figure 1). A constant output voltage threshold is set independently of the supply 
voltage via input 68C according to control settings on the front panel of the generator (see 
Figure 1 ). Typically, for desiccation or coagulation the threshold is set at a desiccation 
threshold value between 150 volts and 200 volts. When a cutting or vaporisation output 
is required, the threshold is set to a value in die range of finom 250 or 300 volts to 600 
volts. These voltage values arc peak values. Their being peak values means that for 
desiccation at least it is preferable to have an output RF waveform of low crest factor to 
give maximum power before the voltage is clamped at the values given. Typically a ciest 
1 5 factor of 1 .5 or less is achieved. 



10 



When the generator is first a:tivatcd. the status of the control input 601 of die RF oscillator 
60 (which is connected to the * W time control circuit 70) is "on", such that the power 
switching device which forms the oscillating element of the oscillator 60 is switched on 
for a maximum conduction period during each oscillation cycle. The power delivered to 
the load 64 depends partly on the supply voltage applied to the RF oscillator 60 from the 
switched mode power supply 66 and partly on the load inqsedanoe 64. If the supply 
voluge is sufficiently high, die temperature of the liquid medium surrounding the 
electrodes of the electrosurgical instrument (or within a gaseous medium* the temperature 
of liquids contained within the tissue) may rise to such an extent that the liquid medium 
vaporises, leading to a rapid increase in load impedance and a consequent rapid increase 
in the applied output voltage across terminals 12. This is an undesirable state of affairs 
if a desiccation output is required. For this reason, the voltage threshold for a desiccation 
output is set to cause trigger signals to be sent to the "on*' time control circuit 70 and to 
the switched mode power supply 66 when die dueshold is reached. The "on** time control 
circuit 70 has the effea of virtually instantaneously reducing the **on*' time of the RF 
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oscillator switching device. Simultaneously, the switched mode power supply is disabled 
so that the voltage supplied to oscillator 60 begins to fall. 

The output voltage of the generator is impoitant to the mode of operation. In fact, the 
output modes are defmed puiely by output voltage, specifically the peak output voltage. 
The absolute measure of output voltage is only necessaiy for multiple term control. 
However, a simple single terai control (i.e. using one control variable) can be used in this 
generator in order to confine die output voltage to predetermined limit voltages. TTjus. the 
voltage threshold detector 68 shown in Figure 5 compares the RF peak output voltage with 
a preset DC threshold level, and has a sufficiently fast response Ume to produce a reset 
pulse for the "on" time control circuit 70 widiin one RF half cycle. 

Maximum absorbed power coincides witfi the electrode condition existing immediately 
before formation of vapour bubbles, since this coincides with maximum power 
distribution and the greatest wetted electrode area. It is therefore desirable that the 
electrode remains in its wetted state for the maximum desiccation power. Use of voltage 
limit detection brings about a power reduction which allows the vapour bubbles to 
collapse which in turn increases the ability of the active electrode to absorb power, ft is 
for this reason, that the generator includes a control loop having a large overshoot, in that 
die feedback stimulus of the peak voltage teaching the predefined direshold causes a larse 
instantaneous reduction in power by causing a reduction ia peak output voltage to a level 
significandy below die peak output voltage level set by the threshold detector 68. This 
control overshoot ensures a return to the required wetted state. 

I^urther details of the generator and its operation are described in our copending British 
Patent Application No. 9604770.9. the contents of which are incoiporated in this 
specification by reference. 

In the light of the above, it will be apparent tiiat the electrode unit of Figure 3 can be used 
for desiccation by operating the unit in the region of the graph between die point "0" and 
a point in die region between the points 3" and "C". In diis case, die electrode assembly 



03/03/97 12:04 REEDFfiX 914153253057 



NO. 254 P016^0 



• 5 



10 



^^"'^^^^ PCr/GB96/01473 

13 

32 is introduced into a selected operation site with the active tip 34A adjacent to the tissue 
to be treated, and with the tissue and the active tip and the letum electrode immersed in 
the saline. The generator is then activated (and cyclically controlled as described above) 
to supply sufficiem power to tte electrode assembly 32 to maintain the saline adjacent to 
the active tip 34A at, or just below, its boiling point without creating a vapour pocket 
surrounding the active tip. The electrode assembly is manipulated to cause heating and 
desiccation of the tissue in a required region adjacent to the active tip 34A. The electrode 
unit can be used for vaporisation in the region of the graph between the point "D" and the 
dotted line F which constitutes the level below which vaporisation is no longer stable. 
The upper part of this curve is used for tissue removal by vaporisation. In this mode, a 
light application of the instrument to the tissue to be treated enables sculpturing and 
contouring to be carried out. 



The electrode assembly 32 preferably has unitary electrodes with a return: active electrode 
1 5 surface area rado in the range of from S: 1 to 40: 1 (that is to say the ratio of the surface 

areas of the exposed portions of the two electrodes are in this range). 

Figure 6 illustrates the use of the electrode unit of Figure 3 for tissue removal by 
vaporisation, the electrode unit being immersed in conductive fluid 78. Thus, the 

20 electrode unit creates a sufficiently high energy density at the active tip 34A to vaporise 

tissue 80, and to create a vapour pocket 82 surrounding the active tip. The formation of 
the vapour pocket 82 creates about a 10-fold increase in contact impedance, with a 
consequent increase in output voltage. Arcs 84 are created in the vapour pocket 82 to 
complete the circuit to the return electrode 38. Tissue 80 which contacts the vapour 

25 pocket 82 will represent a path of least electrical resistance to complete the circuit The 

closer die tissue 80 comes to the active tip 34A, the more energy is concentrated to the 
tissue, to the extent that the cells explode as they are struck by the arcs &4» because the 
renim path through the connective fluid (saline in this case) is blocked by the high 
impedance barrier of the vapour pocket 82. The saline solution also acts to dissolve or 

30 disperse the solid products of vaporisation. 
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Li use. the electrode assembly 32 is introduced into a selected operation site with the 
active electrode tip 34A adjacent the tissue to be vapoiised, and with the tissue, the active 
tip and the letuin electrode 38 immersed in Uie saline 78. The RF generator is activated 
to supply sufficient power (as described above with refensnce to Fig. 4) to the electrode 
assembly 32 to vaporise the saline and to maintain a vapour pocket suirounding the tissue 
contact electrode. When the electrode unit is used for sculpturing or contouring menisci 
during arthroscopic surgeiy. the electrode assembly 32 is applied with light pressure at the 
selected operation site, and is manipulated so tiiat tiie part-spherical surface of the active 
lip 34A moves across tiie surface to be treated, smoothing away tissue, and in particular 
menisci, with a sculpturing or contouring action. 



Figure 7 illustrates the use of an electrode unit similar to that of Figure 3 used for tissue 
desiccation. In the desiccation mode, output power is deUveied to the elecoodes in a first 
output range, so that current flows from the active electrode 34 to die reuim electrode 38. 
15 As described above, tiie output power causes die saline solution adjacent to die active 

electrode 34 to become heated, preferably to a point at or near the boiling point of the 
saline solution. This creates small vapour bubbles on the suiface of tije active electrode 
14 that increase the impedance about the active electrode 34. 



The body tissue 80 typically has lower impedance than the impedance of the combination 
of vapour bubbles and salfaie solution adjacent to die active electrode 34. When an active 
electrode 34 surrounded by small vapour bubbles and saUne solution is brought into 
contact with tissue 80. the tissue 80 becomes part of die profierred electrical current path. 
Acconlmgly, die prefened current patii goes out of die active electrode 34 at tiie pomt of 
tissue contact, through die tissue 80, and tiien back to die renun electrode 38 via die saline 
solution, as shown in Figure 7 . 

The inventicm has pantcular application in desiccating tissue. Fbr tissue desiccation, one 
preferred approach is to contact only part of the active electrode to die tissue, widi the 
remainder of the active electrode remaining remote from the tissue and surrounded by 
saline solution so that current can pass from the active to return dectrode. via the saline 
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solution, without passing through the tissue. Forexample. in the embodiment shown in 
Figure 7. only the distal portion of the active electrode contacts the tissue, with the 
proximal portion remaining spaced away from the tissue. 

The invention can achieve desiccation with no or minimal charting of the tissue. When 
the active electrode 34 contacts the tissue 80. current passes through the tissue, causing 
the tissue at and around the contact poim to desiccate. The areaand volume of desiccated 
tissue expands generally radially outward from the point of contact 

In the embodimem shown in Figure 7. the exposed treatment portion of the active 
electrode 34 is longer than it is wide. TOs allows the electrode tip to contact the tissue 
surface while still maintaining most of the exposed treatment portion out of contact widi 
the tissue even when the instrament is angled with lespect to the tissue surface. Because 
most of the exposed portion of the electrode is out of contact with the tissue, the current 
path will more easily shift, upon desiccation of a sufficient tissue vohm«. from the path 
through the tissue to a path that goes directly from the active electrode to the salme 
solution. 



25 



30 



In the electrode unit shown in Figure 3 the exposed portion of die active electrode 34 is 
20 relatively short compared with the length of the insulation member 36 between the active 

electrode 34 and the return electrode 38. With such an electrode coofigunttion. bistable 
operation of the instrament inherent ui the hysteresis chataderistic described above with 
reference to Figuie 4 applies, in that the instrument can be used in a desiccation mode or 
in a low power vaporisation mode. In some circumstances, particularly if the exposed 
treatment portion of the active electrode is long, bistable operation may be difficult to 
achieve. 



Measures to overcome this difTiculty will now be described with reference to Figuie 8 
which shows an electrode unit comprising a shaft 30 constituted by a semi-flexible tube 
made of stainless steel or phynox electroplated in copper or gold, with a» electrode 
•ssembly 32 at a distal end thereof. TTie electrode assembly 32 ineludes a central . 



I active 
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electrode 34 having an elongate exposed tieatment poition 34A (which may be referred 
to as a "needle" electrode), and an integral central conductor 34B. A cylindrical ceramic 
insulation sleeve 36 surrounds the conductor 34B. and a return electrode 38. which is 
constinited by the distal end portion of the shaft 30. abuts a proximal end of the sleeve 36. 
An outer insulating polyimide coating 40 surrounds the proximal portion of the shaft 
adjacent the return electrode 38. thereby providing the renim electrode with an annular 
fluid contact surface extending from the edge of the coating 40 to the insulation sleeve 36. 
The insulation sleeve 36 has a distal end face 36A of a diameter such that the step radius 
(i.e. the distance between the ciicumfercntial edge of the end face 36A and the outside 
diameter of the active electrode 34) is at least l/20th of the length of the exposed active 
electrode treatmem portion 34a. The insulation sleeve 36 thus has a shoulder (or step) 
which is coaxial with the active electrode 34. In use. this step prevents local arcing which 
could otherwise occur at the proximal end of the exposed active electrode treatment 
portion 34A. tendering the distal end of die treatment portion 34A ineffective. 

To consider the operation of the electrode in more detail, when the electrode unit is 
operated in a tissue cutting or vaporising mode, a vapour bubble is formed around the 
active electrode treatmcmportion34A. TOs bubble is sustamed by aidng widiin it. TTie 
greater the :qn>Ked voltage, the greater is die size of the bubble. The energy dissipaud by 
each arc is impedance-limited by the remaining fluid in the conduction path and by the 
source impedance of the generator. However, an arc behaves as a negative impedance in 
tiiat if U»e energy in the arc is sufficiemly high, an ionised path of very lowimpedance is 
formed. This can lead to an unstable condition of ever^lccreasing ionised path impedance 
unless the impedance of die fluid between die bubble and the return eleenode is sufficient 
to act as a limit on dissipated power. It is also possible for the vapour pocket around the 
active electrode treatment portion to encroach the return electrode. In diese 
circumstances, the arc energy is limited only by generator source impedance, but such 
power limitation is poor and cannot be adjusted according to electiode size. F6r tiiese 
reasons, the dimensions and configuration of the insulation sleeve 36 should be such as 
to define a minimum conduction path lengtii of Inun between die active electrode 
treatment poition 34A and die fluid contact sur&ce of the leturo deetrode 35. This 
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minimum path length is. in the case of the embodiment shown in Figure 8. the length a 
of the sleeve 36 plus the step radius c, as shown in Figure 8. 

A further consideration is the possibility of a vapour pocket forming only over pan of the 
exposed treatment portion 34A of the acUve electrode 34. When the applied voltage and 
power are sufFicienUy high, a vapour pocket will fomi around the active electrode exposed 
treatment portion. Preferably, the pocket is formed unifoiTOly over the entire length of the 
treatment portion. In such a situation, the load impedance presented to the generator can 
change by as much as a faaor of 20. However, when diere are significant diffeiences in 
the conduction path length between the renun electrode fluid contact surface and different 
pans of the exposed active electrode treatment portion 34A, a voltage gradient is 
established over the length of each electrode. Preferably, die fluid contact surface is large 
enough and has an aspect ratio such that its length is at least as great as its diameter so as 
to minimise a voltage gradient over its surface. Nevertheless, with some insulation sleeve 
and active electrode configurations, the voltage gradient can be sufficiendy large to enable 
vapour pocket formation only over that part of the exposed treatment ponion closest to 
the fluid contact surface, leaving the extreme distal end of the exposed treatment portion 
.still in contact with the conductive fluid. Thus, the voltage gradient is established within 
the conductive fluid where the edge of die vapour pocket inteisects the surface of the 
active electrode treatment ponion 34A. The electrical behaviour of such a partially 
enveloped active electrode treatment ponion is very different fnnn that of a fiiUy 
enveloped treatment portion. The impedance transition from the wetted state to the 
vapour enveloped state is far less marked than described above with reference to Figure 
4. In tenns of controlling generator output by sensing peak voltage, the behaviour of the 
electrode assembly is no longer bistable. However. Uie power demand is considerably 
higher as a result of the vaporisation volti^e presented across the low impedance wetted 
region of the active dectrode treatment portion. The dinical effect is not only the requited 
vaporisation, but also an undesirable thennal damaging effect resulting fiom the increased 
power dissipation. 
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Partial enveloping of the active electnxle treatment ponion can be largely avoided by 
ensuring that the ratio of the length of the conductive path between the furthermost point 
of the active electrode treatment portion and the length of the shortest conductive path 
between the active electrode treatment portion and the fluid contact surface is less than 
or equal to 2 : 1. i.e. b/(a+<) s 2. 

In some circumstances, it may be found that the conductive path length between the active 
and return electrodes is too long to allow vaporisation of the conductive fluid due to the 
consequent large scries impedance represented by the Ouid. Too large a voltage drop rmiy 
result in a preset voltage threshold being reached before vaporisation can be achieved. 
Preferably, dien. the ratio of the greatest conduction path length to the annular peripheral 
length of die return electrode fluid contact surface is no more tiian 1.43 : 1 . In the case 
of a cylindrical fluid contact surface which is coaxial with die active electrode, the ratio 
of the greatest conduction padi lengdi to die fluid contact surface diameter is leis dian or 
15 equal to 4.5 : 1. Thus, widi reference to Figure 8, h/d s 4.5. 

The primary use of the electrode unit shown in Figure 8 is for cutting tissue, wiU» at least 
part of the active electrode treatmem portion 34A buried in die tissue to be treated and 
witfi die generator operated in die vaporisation portion of the impcdance/^wwer 
characteristics shown in Figure 4. 

Alternative active electrode configurations include forming the exposed treatment portion 
34Aasahook.asshowninFigure9. Indus case, die insulation sleeve is conical, tapering 
from die fluid contact surface of die return electrode 38 to die distal end face 36A. 

A further alternative, shown in Figure 10 has an active elecirode treatment portion 34a in 
die shape of a looped hook. 



20 



25 



In die embodiments of Figures 8, 9 and 10. it will be seen diat die dimensions a. b. e. d 
30 «c such as to fidlwitfiin die ratio limits described above. Furdiennore. hi each cas«i. the 

electrode assembly may be viewed as having a tieadnem axis 42. beine die axi. uio^e 
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Which the insttumem may be intioduoed towards the tissue, the return eiectiode 38 being 
set back in the direction of the oeatment axis from the active electrode 34A. For the 
purpose of comparing the different conduction path lengths between the return electrode 
and different parts of the active electrode treatment portion, paths in a common plane 
should be considered, the plane containing the treatment axis 42. In the case of the views 
of Rgures 8. 9 and 10. the illustrated path lengths are. of course, in the plane of the paper 
bearing the viev^. 
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CLAIMS 

An dectrosurgical instniment for the treatment of tissue in the presence of an 
eJectrically conductive fluid medium, comprising an instroment shaft and an 
electrode assembly at a distal end of the shaft, wherein the electrode assembly 
comprises: 

a single active electrode having an exposed tissue treatment portion, 
a return electro^ having an exposed fluid contact sur&ce, and 
an insulating member positioned between and electrically insulating the 
active electrode and the retum electrode and serving to space apart the exposed 
treattiem portion of the active electrode and the exposed fluid contact portion of 
die return electrode, 

and wherein the dimensions and configuration of the ejqiosed treatment 
portion, die ejqwsed fluid contact portion and the insulation member are such timt ^ 
when the elcctoode assembly is immosed in a conductive fluid medium Uie ratio 
of (j) the lengUi of the shortest conduction path (P,) Uirough the fluid medium 
between the exposed fluid contact surface and that part of the exposed treatment 
pcntion v*ich is furthest from the ejqiosed fluid contact sut&ce, to (ii) die length 
of the shortest conduction padi (P,) dirough the fluid medhmi between the exposed 
fluid contact sur&ce and the exposed treaunem portion, is less than or equal to 2 
tol. 



An instrumait according to claim 1 , wherein the e^qsosed tieatanent portion of the 
active electrode projects in a first direction from the insulation member, die fluid 
contact surface of tire retum electrode is set back from die active dectiode 
ureatmem portion, and the insulating member surrounds the active electrode and. 
between die active electrode racposed portion and die retum dectrode fluid cMitact 
surface, jnojects outwardly in a second direction peipoidicular to die first 
directi(m to define an insulation barrier to divert electrical current flow duough die 
fluid medium thereby to increase said shortest conduction pad) lengdi ff^ between 
die Closed fluid contact sutftce and the exposed treatment pcntion. 
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3 . An instrument according to claim 1 , wherein the first direction defines a treatment 
axis and said two shortest conduction paths (P„ P,) lie in a common plane 
containing the treatment axis. 



5 4. An instrument according to claim 1. wherein the length of said shortest conduction 

path (P,) through the fluid medium between the e)q)osed fluid contact sur&ce and 
the exposed treatment portion is at least 1mm. 

5- An instrument according to claim 1 . wherein the exposed fluid contact surface is 
generally cylindrical and has a length and a diameter, tire length of the fluid 
contact surface being at least as great as its diameter and wherein the ratio of (i) 
the shortest conduction path (P,) through the fluid medium between the fluid 
contact surface and that part of the exposed treatment portion which is furthest 
from the fluid contact surface, to (ii) the fluid contact surfiu:e dtameter, is at most 
15 4.5 to L 



An instrument according to claim 1 , wherein the ratio of (i) the length of the 
shortest conduction path (P|) through the fluid medium between the exposed fluid 
contact sur&ce and that part of the exposed neatment portion which is furthest 
from the e;qx>sed fluid contact surface, to (ii) the length of the shortest ccmduction 
path (P3) through the fluid medium between the exposed fluid contact sur&ce and 
the exposed treatment portion, is greater than or equal to 1 .25. . 

An electrosurgical system according to claim 1, further comprising an 
electrosurgical generator for supplying radio frequency power 10 the instrument, 
the generator including an ouqiut stage having at least a pair of electrosurgical 
output connections coruiectible rcq)ectively to the active electrode and the retum 
electrode of the instrument, a sensing circuit for deriving a sensing signal 
representative of the peak radio frequency output voltage developed between the 
output connections, and a power adjustment circuit for automatically 
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reduction in delivoed output power when the sensing signal is indicative of a 
prcdetcnnincd peak radio frequency output voltage having been reached 



A system according to claim 7. wherein the power adjustoient circuit is operable 
to cause at least a 50% reduction in delivered output power when the sensing 
signal is mdicative of said tfireshold having been reached, said reduction being 
effected with a period of lOO^s or less. 

A system according to claim 8. wherein the power adjustment circuit is operable 
to efifect said reduction in a period of 20|is or less. 

A system according to claim 7, wherein the output stage includes at least one radio 
frequency power device and wherein the control circuitry is ananged such that die 
at least 50% reduction in output power is effected by reducing the period of 
conduction of the device during individual cycles of radio frequency oscillation 
independently of the supply voltage to the device. 



A system according to claim 10, wherein the sensing circuit and the power 
adjustment circuits are operable repeatedly to effect a rapid reduction in the cycle 
by cycle conduction period of the power device fifom a peak level to a tnmgh level 
followed by a less rapid progressive increase in the conduction pmod until Ae 
condiK:tion period again reaches its peak level, the rqrid reduction and progressive 
increase sequence being repeated while simultaneously reducing die si^iply 
voltage to said ou4>ut stage until said peak conduc^on period level can be reached 
without the ou^ voltage exceeding said predetennined threshold. 

An electrosurgical instrument for the treatment of tissue fai the fnesence of an 
electricaUy conductive fluid medium, comprising an instrument body, an elongate 
instrument shaft and, at a distal end of the shaft, an electrode assembly, wherein 
the electrode assembly comprises 

a single active electrode having an exposed tissue treatment portion, ami 
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a return electrode having a fluid contact suiftce set back ftom the 
treatment portion of the active electrode and spaced fiom the treatment portion by 
an insulation member such that when the treatment portion is bought adjacent a 
tissue surfice immersed in the fluid medhan the fluid contact surface is normally 
spaced fiom the tissue suifece and the fluid medium completes a conduction path 
between tte active electrode and the return electrode. 

13. An instrument according to claim 12. wherein the return electrode comprises a 
conductive sleeve located around the insulation member behind the treatment 
portion of the active electrode. 

14. An instrument according to claim 12, wherein the treatment portion of the active 
electrode is located at an extreme distal end of dw assembly and the fluid contact 
surface of the return electrode is spaced proximally fiom the active electrode 
treatment portion, and vtiierein the exposed poition of the active electrode has a 
length and a width, the length being greater than at least one half of the width. 



15. An instrument according to claim 14. wherein the longitudinal qadng of the 
active electrode exposed portion and the return electrode fluid contact sorfiKe is 
20 at least 1mm. 



16. 



An instrument according to claim 15, wherein the ratio of (i) the longitudinal 
distance between the distal end of the active electrode exposed portion and the 

most distal part of the return electrode, to (ii) the shortest longitudinal distance 
between the active dectande exposed portion and tiw most dstal part of tiie return 
electrode, is less dian or equal to 2 to 1 . 



An instnmiem accordmg to claim 1 5 or clann 16. wherehi tile retutn eJe^^ 
a fluid contact surface encircling the insulation member and wherein the ratio of 
(i) tiie longimdinal distance between tiie distal end of tiie active electrode oqmsed 
poition and the distal edge of die fluid contact sui&oe of tile letum electrode to (ii) 
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the circumferenccof the fluid conract surface in Ae edge is less 

than or equal to 1.43 : 1. 



18. 



19. 



20 20. 



21. 



An instrument according to claim 12. wherein the instmment shaft comprises a 
metallic tube as iu main stnichiral element, and the reuim electrode is an 
integrally fomied distal end portion of the mbe. 

An elcctrosurgical instrument for the treatment of tissue in the presence of an 
electricaUy conductive fluid, comprising an instrument body, an elongate 
instrument shaft and. on a distal end of the shaft, an electrode assembly, wherein 
the electrode assembly comprises an exposed active electrode treatment inter&ee 
and an exposed return electrode fluid intcrftce behind the treatment interface and 
spaced therefiom by a insulation member, the treatment interfece projecting 
outwardly from the insulation member, wherein of the surface area of the fluid 
interface is greater than that of the treatment interfece. and wherein the treatment 
interfece extends outwarfly from the insulation member by a distance which is 
greater than or equal to one half of its width in a direction perpendicular to the 
outward direction. 

An instrument according to claim 19, wherein the shaft defines a longimdinal axis, 
the treatment interfiice is a conductive axial projection the axial length of which 
is greater than one half of its lateral width, the insulation member is a coaxial 
ceramic sleeve located proximally of the projection, and the fluid interfece is a 
conductive outer sleeve surrounding the insulation member and spaced from the 
treatment interfece by an axial separation of at least 1mm. 

An instrument according to claim 19, wherein the treatment interfece extends 
outwardly from the insulation member by a greater distance than its width in a 
direction perpendicular to the outward direction. 
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22. An instniment according to claim 19. wherein the active electrode treatment 
interfece comprises a conductive active electrode tip member the lengtii of which 
is die outward direction is at least one half of its width, and wherein tiie insulation 
member has an end hc^ adjacent die tip member, M*ich face does not extend 
laterally beyond said tip member by more tiian one half of said tip member lengtii. 

23. An electrosurgical instrument for tiie trcatmmt of tissue in the presence of an 
electrically conductive fluid medium, tiie instrument conqmsing: 

an instrument shaft, and 

an electrode assembly at a distal end of the shaft, die electrode assembly 
having a distal end and including an active electrode and a return electrode, with 
an exposed portion of die active electrode at die distal end of the electrode 
assembly and a fluid contact surface of die return electrode positioned proxsmally 
of the active electrode exposed portion, ftuther including an insulating member 
^ 5 positioned between and electrically insulating the active electrode and the return 

electrode, wherein die exposed portion of the active electrode has a lengdi and a 
width, and the length of the active electrode exposed portion is greater than the 
width of the active electrode exposed portion. 

20 24. An instrument according to claim 23, wherein the nposed portion of die active 

electrode extends longitudinally fiom the distal end of die shaft. 



10 



An instrument according to claim 23, wherein the insulation member comprises 
a generally cylindrical sleeve and the return electrode is located on the outside of 
the sleeve longitudinally spaced from the exposed portion of die active electrode 
by a distance of at least 1mm. 

26. An instrument according to claim 2S, wherein the insulation member has an 
armular distal end face defining a shoulder, and the active electrode exposed 
portion is coitially located with respect to and projects from the insulation 
member end £fice, die depth of the shoulder in a direction laterally away fiom the 
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active electrode being between 0.05/ and 0.5/. where / is the length of the cential 
active electrode exposed portion. 



27. 



An instrument according to claim 26. wherein the dimensions and configuration 
of the active electrode exposed portion, the return electrode fluid contact surface 
and the insolatioo member are such that when the electrode assembly is immersed 
in a conductive fluid medium the ratio of (i) the length of the shortest conduction 
patfi through the fluid medium between the return electrtxie fluid cmtact suiftce 
and that part of the active electrode exposed portion which is furthest fiom the 
fluid contact surface, to (n) the length of the shortest coodnction path through the 
fluid medium between the renim electrode fluid contact sui&ce and Oie active 
electrode portion is less than or equal to 2 to I . 



An instrument according to claim 27. wherein the length of the shortest 
conduction path throuj^ die fluid medium betwem the letom electrode fluid 
contact surface and tfie active electrode ocposed portion is at least 1mm. 

An instrument acconling to claim 27, wherein the returo electrode fluid contact 
sur&ce is annular and has a length and a diameter, the length of the fluid contact 
surfiM^e being at least as great as its diameter, and whereui the ratio of (i) the 
shortest conduction path through the fluid medhim between the return electrode 
fluid contact sorftce and that part of die active electrode exposed portion which 
is furthest fiom the fluid contact surftoe. to (10 the fluid contact sut&ce diameter 
is at most 4.S to I. 



An instrument aoc<»dh« to claim 24. vtimefai the insulaticm member conqnises 
a generally conic member that tapers towards the distal end of flie instrument 

A metiiod of desiccating tissue usmg a bipohv electrode assembly, the assembly 

including an active electrode and a return dectrode. the acthwdectrode having an 
exposed treatment portion, and the return electrode having an exposed iEhiid 
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contact suxfice spaced and set back from the exposed treatment portion, the 
method comprising the steps of: 

(a) inlroducing the electrode assembly into a selected operation site; 

(b) surrounding the electrode assembly with a conductive fluid so that the 
conductive fluid defines an electrical path between the active and return 
electrodes; 

(c) applying sufficient radio frequency output power to the electrode 
assembly to increase the temperature of the conductive fluid adjacent the active 
electrode treatment portion without creating a vapour pocket surrounding the 
treatment portion; 

(d) contacting the treatment portion to tissue while maimainiT i g return 
electrode fluid contact surface out of contact with the tissue. 



10 



32. The method of claim 31, wherein step (d) includes maintaining a part of the 
* ^ exposed treatment portion of the active electrode out of contact with the tissue. 



The method of claim 32» wherein step (d) includes the further step of: 
(e) moving the active electrode across a surfrioe of the tissue. 

The method of claim 33, wherein step (e) inchides moving the electrode aeross the 
tissue surface in a side-to-side motion. 



The method of claim 3 1 , wherein stq> (c) includes maintaining the temperatuie of 
the conductive fluid adjacent to the active electrode treatmem portion substantially 
at the boiling point of the conductive fluid. 

The method of claim 31. wherein the conductive fhndcoiiqxrises a saline solution. 



37, 

30 



The method of claim 31, wherein the conductive fluid comprises a compound 
sodium lactate solution. 
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38. A method of vaporising tissue using a bipolar electrode assembly, the bipolar 
electrode assembly indudiog an active eiectiode and a return elediode. the active 
el«ictrode having an exposed treatment portion, the method comprising the steps 
of; 

(a) introducing the electrode assembly into a selected operation site; 

(b) surrounding the electrode assembly with a conductive fluid; 

(c) applying sufficient radio fitequency output power to the electrode 
assembly to vaporise the conductive fluid adjacent the active electrode treatment 
portion to create a vapour pocket surrounding die treatment portion; 

(d) positioning the treatment portion of the active electrode adjacent the 
tissue with the vapour pocket in contact with the tissue while n«ii»to{»;,^ g the 
return electrode out of contact with the tissue. 

39. The method of claim 38, wherein step (d) includes the finlher step of: 

(e) moving the active electrode treatment portion over a surfice of tike 

tissue. 



40. The method of claim 39. whcrem step (e) includes moving the electrode over the 
tissue surface in a side-to-side motion. 

20 

41. The method of daim 39, wherein step (e) includes moving the active electrode 
over the sur&ce of the tissue to contour the tissue. 

42. The mcfliodofclaim 38, wherein die conductive fluid con^irises a aainie solution 

25 

43. The metiiod of claim 38, wherein the conductive fluid comprises a compound 
sodium lactate solutiim. 



44. 

30 



The method of claim 38, wherein the treatment portiim of the active electrode is 
a distal end portitm and the exposed fluid contact surftce of the return electrode 
is proximally spaced from the treatmem portion, and wherein st^ {a> inehides 



«a3/ 03/97 12:10 REEDFflX ^ 914153253057 

4 



NO. 254 P032/040 



WO 97/00647 PCT/GB96A»1473 

29 

positioning a part of the exposed treatment portion adjacent and fiom time to time 
in contact ^th the tissue. 
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